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I. INTRODUCTION

The program reviewed in this second quarterly progress report,
covering from September 26, 1964 to December 26, 1964, is sponsored
by the National Aeronautics and Space Administration. 1Its purpose
is to examine the influence of stress on the corrosion behavior of
an advanced refractory alloy in potassium (Task I) and to investigate
corrosion mass transfer effects in a stainless steel-columbium alloy-
potassium system (Task II).

Task I

While there is considerable evidence that refractory alloys have
excellent corrosion resistance to potassium, there are few experiments
which describe the possible effects of stress on corrosion when the
stress is sufficiently large to produce substantial amounts of creep
during the test. It is appropriate for comparative purposes to study
an advanced refractory alloy which has demonsgrated excellent corro-
sion resistance to refluxing potassium during long-time exposures con-
ducted at relatively low stresses at 2000°F. 1In this regard, D-43
columbium base alloy, in the form of welded capsules, has been tested
in potassium under refluxing conditions for periods of 5,000 and 10,000
hours at temperatures on the order of 2000°F (Ref. 1) and has been
selected for inclusion in this program.

The D-43 alloy reflux capsules shall be tested under conditions
which result in about 5 to 10% strain during a 500- to 2,000-hour ex-
posure period in the 2000° to 2200°F temperature range. The reflux
capsules used in this study will be of similar size to those previously
described (Ref. 1). The capsule wall shall be reduced in the potas-
sium liquid region and in the vapor condensing region to provide gauge
sections where the extent of creep can be measured. Moderate temper-
ature adjustments can be made during the test to achieve the de31red
strain-time conditions.

Task II

The use of stainless steel, rather than refractory alloys, for
power plant radiator construction and for the lower temperature por-
tion of experimental facilities constitutes material and fabrication
cost savings. Two methods of employing this approach are: wuse of
co-extruded, stainless steel shell-refractory alloy core, tubing in
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the radiator or use of an all stainless steel radiator joined to the
system by a bimetallic joint. Although the latter approach is pre-
ferred considering cost and problems associated with fabrication and
joining of co-extruded tubing, a major uncertainty and limitation
arises from the mass transfer of interstitial elements from the stain-
less steel to the refractory alloys through the alkali metal.

It is well established that the carbon and nitrogen transfer from
Type 316SS to Cb-1Zr alloy at temperatures near 1500°F (Ref. 2). While
some important aspects of this mass transfer behavior have been ex-
amined, several critical details require additional investigation.
There is a need to define acceptable time and temperature conditions
of operation in terms of maintaining satisfactory performance of the
refractory alloys, such as Cb-1Zr alloy. Also, there are certain meta-
llurgical aspects of this behavior which should be investigated in an
effort to eliminate or reduce the mass transfer rate. 1In the latter
category, it is most appropriate to consider the stabilization of car-
bon and nitrogen in the stainless steel by the addition of metallic
elements which form carbides and nitrides of high thermodynamic sta-
bility. Commercially available, titanium stabilized, Type 321SS is
one such alloy. A comparative investigation of this alloy and Type
316SS should indicate the ability of the titanium addition to reduce
or eliminate interstitial mass transfer in a stainless steel-Cb-1lZr
alloy bimetallic system. Columbium-17% zirconium alloy specimens will
be exposed to liquid potassium in Type 321SS and Type 316SS capsules
for 1,000 hours at 1400°F under isothermal conditions to evaluate this
premise.



II. SUMMARY

During the second quarter of this program, the topics abstracted
below were covered. The results are interpretatively presented in
this report.

Task I - Stress Corrosion Reflux Capsule Tests

The D-43 alloy bar for the fabrication of the reflux capsules
was received and evaluated. Measured creep strengths were higher than
those previously reported from the data compilation.

The stress corrosion reflux capsule design was completed; engi-
neering drawings were approved by the NASA Technical Manager. Three
capsules have been machined and received.

With the exception of the LVDT's and the alumina probes, all
supporting components for the reflux capsule test facility have been
machined and/or are on hand.

A boiling nucleator was designed and is to be employed in the
capsule tests in order to avoid possible deformation in the reduced
wall and/or fracture of the alumina probes as a result of boiling in-
stabilities.

Task II - Bimetallic Isothermal Capsule Tests

Two Type 321SS and two Type 316SS isothermal capsules, each con-
taining Cb-1Zr alloy sheet specimens, were filled with potassium and
placed on test at 1400°F December 18, 1964. The planned test duration
is 1,000 hours.
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ITI. TASK I - STRESS CORROSION REFLUX CAPSULE TESTS

A, Material Procurement

Six pieces of 1l.66-inch diameter x approximately 13-inch lengths
of D-43 alloy bar stock were received. The bar was produced from a
8-inch diameter, double vacuum arc melted ingot (heat 42-478-02) which
was double extruded at 2500°F. In each case a 4:1 extrusion ratio was
employed. The resulting bar was machined and subsequently given a
recrystallization anneal at 2600°F. Chemical analyses of samples taken
from the bars are shown in Table I. Although fully recrystallized
material, with a grain size of ASTM 6-8, was ordered, metallographic
examination of transverse sections of the bars revealed the structure
of the center core area to contain considerable amounts of residual
cold work, Figure 1. However, since the core material would be removed
in the fabrication of the reflux corrosion capsules and the remaining
material around the periphery did meet the grain size requirements,
Figure 2, fabrication proceeded as planned.

B. Capsule Design and Fabrication

The completed D-43 alloy reflux corrosion capsule design is shown
in Figure 3. A minimum 0.020-inch thick reduced wall section was
selected on the basis of available creep data on the D-43 alloy (Ref.
3). To validate the capsule design, additional creep data were ob-
tained from specimens, Figure 4, machined from the D-43 alloy bar used
in the fabrication of the actual capsules. These data are compared
with the forementioned data (Ref. 3) in Figure 5. It should be noted
that the test specimens were machined from the periphery of the D-43
alloy bar such that the gauge section of each specimen had a similar
metallurgical morphology as the capsule reduced wall section.

The creep specimens were heated by a tantalum foil resistance
element in a cold wall vacuum facility at 1 x 10-6 torr. Specimen
elcengation was measured by an external LVDT extensiometer system that
was attached to the load train. The quality of the test environment
was evaluated by a comparison of the post-test chemical analysis of a
creep specimen tested for 134 hours at 2400°F with the pre-test analysis,
Table II. The small oxygen increase shown would have little effect on
the creep behavior of this specimen which represents the extreme con-
ditions of time and temperature of all the specimens tested. In addi-
tion, the maximum time observed for 5% strain, the value of main inter-
est in this study, was 50 hours.
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TABLE I

CHEMICAL ANALYSES OF THE 1.66-INCH DIAMETER D-43 ALLDY BAR

Element

Oxygen
Hydrogen
Carbon
Nitrogen
Tungsten
Zirconium

Columbium

(1)

(Heat 43-478-02)

Vendor's Analyses

ppm

GE Analyses
ppm

56

8

865

35
10.1 %/
1.0 ¥/,

Bal

By Vacuum Fusion Techniques.

481

5(1)

93D
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Figure 1. Structure of the Center Core From l.66-Inch Diameter
D-43 Alloy Bar Showing Evidence of Prior Working.
(K5263)

Etchant: 20%HF-20%HNO3-60%H,0 Mag: 100X

; J'J--ﬁ'(:)d

R At
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Figure 2. Recrystallized Structure of Outer Region of 1.66-Inch

Diameter D-43 Alloy Bar. (K5264)
Etchant: 207%HF-20%HNO3-60%H70 Mag: 100X
-6-
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2,051
“Ref.
1.150
1.120
0.419 0.575
.'_'0.397-_..I 0.560
16
\/ 9
L — } ,////,
" / g ]
0.333
- .
0.327 D2 €
0.161 Dia A 0.419
0.159 [*= 0.397"
0.040
0.030 R 2 Places

Dia's B & C to be Concentric With Dia A Within 0.001 F.I.R,

Figure 4.
Vacuum.

T 0.327

0.164
0.162

Dia
2 Places

0.333 Dia B

Test Specimen Used for Creep Evaluation of D-43 Alloy in
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TABLE II

CHEMICAL ANALYSES OF D-43 ALLOY CREEP SPECIMENS

Element

Oxygen

Nitrogen

Hydrogen

Carbon

Pre-test
—ppm
48

23

865

Post-test(l)
— Ppm
110

25

960

(1) 134 Hours at 2400°F in a Vacuum of 1 x 10~
Torr (Baffled 0il Diffusion Pump System).

-10-
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Using the test data depicted in Figure 5, the temperature-time
relationship to produce 5% strain in a D-43 alloy capsule, as a re-
sult of the potassium vapor pressure, can be determined; the calcu-
lated values are shown in Table III. On the basis of these results,
the first D-43 alloy capsule will be placed on test at 2200°F. Temp-
erature adjustments will be made during the initial portion of the
test depending upon the observed creep rate, measured by alumina probes
on the reduced wall section of the capsule, so as to attain approxi-
mately 5% strain in 1,000-2,000 hours. Although the desired strain-
time relationship could be attained at lower temperatures by further
reduction in the thickness of the capsule reduced wall section, prob-
lems associated with maintaining tolerances during machining and hand-
ling do not warrant this approach.

Three D-43 alloy capsules have been machined with a 0.020-inch
thick reduced wall section. The partially recrystallized center core
was removed by electrostatic machining. Although some of this material
was used to machine the thermocouple wells for each capsule, the re-
sulting structure variance between the capsule wall and the thermo-
couple wells should have no deleterious effect on the critical aspects
of the test, i.e., the behavior of the material at the reduced wall
section. The inside diameter was finished by honing to better than a
16 rms finish. Prior to machining the reduced wall sections, each
capsule was tightly fitted onto an aluminum mandrel. The final machin-
ing was performed on a tracer lathe taking maximum cuts of 0.003 inch
for the final 0.030 inch to minimize induced stresses. A photograph
of an unassembled capsule is shown in Figure 6.

C. Test Facility

The designs for the heat shields, heaters, electrical terminals
and capsule supporting components were completed, and subsequently re-
viewed and approved by the NASA Technical Manager. All machined parts
have been received. Two remaining items, the high-temperature LVDT's
and the high-purity alumina probes, are on order and they should be
received by January 15, 1965. Manufacturing difficulties have post-
poned shipping of these items by over a month from the original date.

Severe "bumping'' of potassium reflux corrosion capsules result-
ing from unstable boiling in the temperature range of 1400° to 1600°F
has been observed in this laboratory and elsewhere (Ref. 4) and is a
serious point of consideration in respect to this capsule test. Any
deformation in the reduced 0.020-inch thick wall section and/or frac-
ture of the alumina probes resulting from boiling instabilities of

-11-



TABLE IIT

TEMPERATURE-TIME RELATIONSHIPS TO PRODUCE 5% STRAIN IN A D-43

ALLOY CAPSULE WITH A 0.020-INCH THICK REDUCED WALL SECTION

Temperature

°F

2000
2050
2100
2150
2200
2250

2300

Potassium
Pressure, psi

(1) a, =

152.
175.
201.
228.
259.
292.

326.

Sy

3

5

Pr
t

-12-

Effec
Stress*~”, psi

ive

(Ref. 3)

4620
5320
6100
6930
7560
8850

9780

Time for 5%
Strain, Hours
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this type during the initial heatup can not be tolerated. The use of
a boiling nucleator has been shown to alleviate this problem (Ref. 4).
The design to be used in this study is shown in Figure 7. Heating is
supplied by a separately controlled tantalum wound resistance coil
which is insulated by tantalum foil shielding. By maintaining a higher
temperature in the nucleator than the capsule during the time the cap-
sule is being heated through the critical temperature range, bubbles
are nucleated at the root of the 1/16-inch diameter hole. This con-
dition produces stable boiling of the potassium within the capsule
itself. Once the critical temperature range is exceeded, the temper-
ature in the nucleator will be maintained at the same level as the
capsule.

-14-
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Iv. TASK II - BIMETALLIC ISOTHERMAL CAPSULE TESTS

A, Materials Procurement

Chemical analyses (Ref. 3) of the 1-1/4-inch Schedule 80 stain-
less steel pipe to be used in capsule fabrication indicated the nitro-
gen content of the Type 316SS pipe (170 ppm) to be more than three
times greater than the nitrogen content of the Type 321SS (52 ppm).
Because of the possible difficulty in a comparative post-test evalua-
tion of the nitrogen mass transfer effects of these two materials re-
sulting from the different nitrogen contents, an additional heat of
Type 321SS was purchased. Subsequent chemical analyses of this heat,
Table IV, indicated a more amenable nitrogen analysis for comparable
evaluation and for this reason the latter heat of Type 321SS was used
in this study.

B. Capsule Fabrication

Two Type 321SS and two Type 316SS corrosion capsules, of the
chemical analyses shown in Table IV, were fabricated to the design
shown in Figure 8. A ballizing technique was employed to improve the
finish of the inside diameter of the capsules. This technique con-
sists of axially pressing a hardened (chrome-alloy tool steel) over-
sized ball (0.006-inch interference fit) through the pipe which has
been well lubricated with a high-pressure wax. After removal of the
wax with organic solvent and a light pickle in 207%HF, 207%HNO3, 60%H20
solution, the resulting finish was better than 16 rms. Metallographic
examination of the internal diameter of the capsules indicated no
deleterious effects are produced by employing this technique to re-
duce surface irregularities, Figures 9 and 10.

Bottom caps were tungsten-inert-gas welded to each capsule after
ballizing; subsequent helium mass spectrometer leak tests indicated
no leaks. Leak testing was performed to MIL-STD271C (Ships) specifica-
tions with a sensitivity of 5 x 10710 std cc of air per second.

The surfaces of the 0.040-inch thick Cb-1Zr alloy sheet specimens,
to be contained in the stainless steel capsules, were prepared by hand
polishing through 640 grit paper, washing, light pickling in 20%HF,
207%HNO3, and 607H20 solution and cleaning in ethanol. Room temperature
tensile and 2000°F stress-rupture tests were conducted to establish the
properties of the Cb-~1Zr alloy in the pre-test condition. The results

~-16-
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Element

Cr

Ni

Mn

Mo

Ti

Si

Cu

TABLE IV

CHEMICAL ANALYSES OF 1-1/4-INCH DIAMETER

SCHEDULE 80 STAINLESS STEEL PIPE

Type 31655(1) Type 32155(2)
ppm ppm
410 690

78 85
170 125

4 8
W/o W/
17.39 17.44
12.33 11.90
1.86 1.62
2.24 --
-- 0.46
0.75 0.59
0.21 0.09

(1) Heat No. Carpenter 803776

(2) Heat No. B & W 27634X

-17-
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Stainless Steel Capsule Design.
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Figure 9. Transverse Section of As-Received Type 321SS Schedule 80
Pipe Showing Rough Internal Diameter Surface. (K5003)

Etchant: Aqua Regia Mag: 250X
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Figure 10. Transverse Section of Ballized Type 321SS Schedule 80
Pipe. 1Internal Diameter Surface Finished Better Than
16 rms with no Evidence of Flowed Metal. (K5004)

Etchant: Aqua Regia Mag: 250
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are reported in Table V. A fixture to hold the Cb-1Zr alloy specimens
vertical and equidistant from the internal walls of the capsules was
constructed from 0.062-inch diameter Cb-1lZr alloy wire and is shown in
Figure 11.

>
C. Capsule Filling

The four stainless steel capsules were filled with potassium
and sealed under vacuum in a 30 KV electron beam welding chamber, Fig-
ure 12, The potassium used was transferred under argon pressure di-
rectly from the final hot trapping container (Ref. 3), Figure 13, into
the evacuated chamber (3 x 10-5 torr) through a heated fill tube and
into a calibrated stainless steel cup, Figure 14. The temperature of
the cup was maintained at 200°F. Using the data depicted in Figure 15,
calculations show that 135 cc of potassium at 200°F would result in a
8-inch fill height in the capsules at the test temperature of 1400°F.
This height also is based on consideration of the volume displacement
of the Cb-1Zr alloy specimens and fixture. The surface area ratio
between the stainless steel and the Cb-1Zr alloy in contact with liquid
potassium has been shown to be critical (Ref. 2). The relationships
described in this study constitute a 4:1 ratio which is more than suffi-
cient to observe mass transfer of nitrogen and carbon in Type 316SS at
temperatures near 1500°F (Ref. 2).

The measured potassium was poured from the cup through a heated
stainless steel funnel into the capsule. Each capsule was positioned
under the funnel by means of a flexible cable which was attached on one
end to a gear train on the table and on the other end to a crank out-
side the chamber, Figures 12 and 16. When filled, each capsule was
rotated under a manipulator which was used to position the capsule cap
in the machined, slotted well on the capsule top. The manipulator is
sealed on the outside of the chamber by a bellows. The capsule was
positioned under the EB gun by means of a flexible cable in conjunction
with the table drive. The gear on each capsule was thus adjusted to
mesh with the welding drive gear such that the capsules rotated around
its axis during welding. This gear is controlled by a variable speed
motor which can be adjusted to obtain the optimum welding speed. Copper
chill blocks were fitted on each capsule to reduce the heat conduction
along the capsule during welding and the resulting possible vaporiza-
tion of the potassium causing unsound welds.
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TABLE V

PRE-TEST STRENGTH ANALYSIS OF MCN-454 Cb-1Zr ALLOY 0.040-INCH SHEET

Tensile Properties

Temp. Ultimate Tensile Yield Strength
°F Strength, psi .2% Offset, psi Elongation, %
RT 39,900 23,300 37.0
RT 38,900 21,900 40.4

Stress-Rupture(l) Properties

Temp. Rupture Time

°F Stress, psi Hours Elongation, %
2000 10,000 252 44

2000 8,000 164(2) 3.4

(1) Tests Conducted in Vacuum; 1 x 10~/
Torr. (Getter-Ion Pump System)

(2) Did Not Rupture; Test Discontinued.
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Figure 13. External View of the Facility for Potassium Transfer;
the Hot Trap is Shown Attached to the Vacuum Tank
Closure. (C63041623)
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Figure l4. 1Internal Arrangement of Facility for Filling Corrosion
Capsules with Potassium as Viewed Through Sight Port of
Electron Beam Welding Chamber. (C64121621)
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Figure 15. Density of Liquid Potassium as a Function of Temperature.
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Samples of the potassium used to fill the capsules were taken in
two locations. One sample was obtained by filling a stainless steel
tube in the same manner as the capsules are filled, Figure 14. The
other sample was taken by removing a section of the fill line between
the chamber and the hot trap. The resulting oxygen analyses by the
mercury amalgamation method showed 2.5 ppm oxygen in the potassium
taken from the chamber sample and 3 ppm oxygen in the potassium taken
from the fill tube. Metallic impurities are being determined by spec-
trographic analysis. A can was placed on the rotating table to pro-
vide means of dumping any excess potassium during filling. The first
cup of potassium was discarded in this manner as a result of possible
contamination from pickup along the walls of the empty fill line.

The four filled and sealed capsules were examined radiographically
to assure sound electron beam welds and subsequently put in test.

D. Test Facility

The air environment furnace to be used for testing the stainless
steel isothermal corrosion capsules, Figure 17, was designed and con-
structed during the report interim. The facility consists of four
1340 watt, nichrome-wound resistance elements, individually controlled
with General Electric Volt-Pac 9H60 variable transformers. Each cap-
sule is held in place with an adjustable tie bolt attached to a stain-
less steel retaining plate. The 8-point recorder allows dual temper-
ature monitoring of each capsule with chromel-alumel thermocouples.

E. Capsule Testing

The 1,000-hour bimetallic corrosion capsule test at 1400°F was
initiated on December 18, 1964. Two beaded chromel-alumel thermocouples
were spot welded to the sides of two capsules at the mid-point on the
longitudinal axis and 180° apart. One thermocouple was attached to
each of the remaining two capsules in fhe same location and the second
thermocouple was attached near the top of one of the capsules and near
the bottom of the other capsule. Temperature measurement to date has
indicated a maximum of 15°F drift; however, temperature variance from
capsule to capsule at the mid-point is less than 10°F. A maximum of
20°F temperature differential was measured between the top and bottom
thermocouples.
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V. FUTURE PLANS

Task T

1. Complete assembly of test facility components and check-
out instrumentation.

2. Fabricate and fill the first D-43 alloy capsule,

3. Initiate the first capsule test at 2200°F.

Task IL

1. Complete the 1,000-hour capsule test at 1400°F and initiate
post-test evaluation.
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